requires a 10% reduction in the average greenhouse gas (GHG) emission intensity of the state's transportation fuels by 2020. This regulation is expected to reduce lifecycle GHG emissions per year by 20-25 million metric tons by 2020. Given available technology options, biofuels are expected to play a major role toward achieving the target. However, the rapid expansion of biofuel production may have environmental and social impacts at local, regional, and international levels. In response, many governments and national consortia have adopted sustainability requirements for their biofuel programs.
The CARB is to propose a strategic plan for addressing overall sustainability provisions for the LCFS, for consideration by the Board for adoption by the end of 2011.
This report examines a range of sustainability requirements for biofuels and considers a possible framework for the LCFS sustainability provision. Our goal is to identify the proper mechanisms to further incentivize sustainable production of biofuels and other relevant transportation fuels while minimizing environmental impacts and unintended consequences.
This study reviews sustainability requirements and criteria being implemented or proposed by governments promoting biofuel programs, particularly the United Kingdom's (UK's) Renewable Transport Fuel Obligation (RTFO) carbon and sustainability reporting and the European Union's (EU's) sustainability criteria under the EU Renewable Energy Directive (EU-RED). We also review the sustainability principles and criteria (Version 0.5) proposed by the Roundtable on Sustainable Biofuels (RSB), an international initiative involving stakeholders across the entire biofuel supply chain, nongovernmental organizations, experts, governments, and inter-governmental agencies.
Based on our review, an LCFS sustainability requirement may be most effective if it adopts the following principles:
• Stakeholders should collaborate to establish a performance-based sustainability framework that sets reasonable expectations, clear measures of compliance, and methods of enforcement; encourages innovation; and rewards practices exceeding a minimum standard.
• The sustainability framework should adopt a lifecycle approach and apply to all fuels, feedstocks, and production and conversion technologies. In the short term, however, the standards may apply only to non-baseline LCFS-participating fuels, to address acute concerns for new fuels, reduce administrative burden, and recognize existing regulations on baseline fuels.
Introduction
On April 23, 2009, the California Air Resources Board (CARB) adopted the Low Carbon Fuel Standard (LCFS), which mandates a 10% reduction in the average lifecycle greenhouse gas (GHG) emission intensity of transportation fuels by 2020. Lifecycle GHG intensity is defined as grams of carbon dioxide equivalent per megajoule of fuel energy (gCO 2 e/MJ). This measure captures lifecycle emissions associated with fuels, from extraction, cultivation, land use conversion, processing, transport and distribution, and use. The LCFS uses market-based emission-trading mechanisms for compliance, where the regulated parties, i.e., oil refiners, fuel importers, producers, or providers, can develop their own compliance strategies or buy credits from or sell credits to other regulated parties. Except for aviation and maritime fuels, over which California has limited legislative authority, low-GHG transportation fuels, such as compressed natural gas, oil sands with carbon capture and sequestration, biofuels, electricity, and hydrogen, can contribute to the program. Given available technology options, biofuels will play an important role in meeting the program target (CARB 2009; Yeh, Lutsey, and Parker 2009 ).
In the past few years, more than a dozen governments and national consortia, including The Netherlands, Germany, the UK, the US, and the EU, have adopted biofuel policies that set specific volumetric mandates/targets or blending requirements by certain target years. These biofuel programs often are justified based on the benefits of reducing reliance on foreign oil and improving energy security, reducing GHG emissions, and supporting agricultural and rural developments within the countries where policies are developed and in developing countries. These policies have resulted in a large increase in global demands for biofuels and a small increase in trade in biofuels, mostly ethanol from Brazilian sugarcane and biodiesel from US soybeans and Malaysian and Indonesian palm oil. However, new studies began to link this increased biofuel production to increased risk of adverse environmental impacts (Donner and Kucharik 2008; Miller, Landis, and Theis 2007; Robertson et al. 2008 ) and of social and economic impacts (FAO 2008; Rajagopal et al. 2007; Tenenbaum 2008) , casting doubt on the real GHG benefits of some biofuels (Fargione et al. 2008; Gibbs et al. 2008; Searchinger et al. 2008) . Even though there are vastly different views on the nature and magnitude of causal relationships between biofuel policies and diverse environmental impacts, land use changes, and global food prices, there have been increasing efforts to adopt sustainability requirements to minimize potential social and environmental damage and unintended consequences. These efforts are intended to provide environmental and social safeguards for biofuels that are encouraged directly or indirectly by biofuel subsidies, tax credits, demand mandates, or other mechanisms.
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In the past few years, sustainability requirements for biofuel production have been adopted/implemented by The Netherlands (Cramer et al. 2007; Cramer et al. 2006; NEN 2009) , the UK (RFA 2009a), Germany (BioNachV 2007; WWF 2006) , the EU (EC 2008) , and California (CEC 2008b) . International organizations, including the United Nations' Food and Agriculture Organization (FAO), the UN Environment Programme (UNEP), and the G8's Global Bioenergy Partnership (GBEP), have encouraged and supported the research, modeling, and negotiation efforts among stakeholders at the country level.
There are also more private and public efforts in promoting certifications, facilitating information sharing, and developing guidelines for sustainability best management practices (BMP). Many new, especially commodity-based, biofuel-targeted certifications have recently been or are being established, such as the Roundtable on Sustainable Palm Oil (RSPO), the Roundtable on Responsible Soy (RTRS), the Better Sugarcane Initiative (BSI), the Council on Sustainable Biomass Production (CSBP, focusing on secondgeneration feedstock), and the Roundtable on Sustainable Biofuels (RSB, focusing on creating internationally consistent sustainability criteria and certification schemes). A more detailed review of these recent activities can be found elsewhere (Endres 2009; Lewandowski and Faaij 2006; van Dam et al. 2008; Winrock International 2009 ).
This study compares major sustainability requirements and proposes a framework of sustainability requirements that may be suitable for California. Section 2 reviews major biofuel policies and efforts in formulating sustainability requirements internationally and in the US and compares their key characteristics in program design, scope, and implementation. Section 3 outlines the essential elements for an expanded California LCFS sustainability requirement. Section 4 discusses remaining design issues and policy challenges.
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Overview of Major Efforts in Sustainability Requirements for Biofuels
The purpose of a sustainability requirement for biofuels is to ensure that the cultivation, production, processing, transport, and delivery of biofuels do not impose unmitigated harm to the environment. This section briefly reviews recent sustainability requirements, highlighting similarities and differences in framework and implementation.
Major Efforts at the Country Level and in the US
Recent key biofuel sustainability standards and criteria all address the environmental principles of carbon storage, biodiversity, soil conservation, water use, water quality, and air pollution, and the socioeconomic principles of welfare of local communities, land-rights issues, and labor welfare. Many also require government to monitor and periodically report sustainability impacts associated with marketmediated effects, including indirect land use change (ILUC), food price, and food availability.
Overview of sustainability requirements in The Netherlands, the UK, and the EU
The first major biofuel sustainability effort started with the Cramer Commission of The Netherlands (Cramer et al. 2007; Cramer et al. 2006) . The Commission defined the sustainability of biomass using six themes: (a) greenhouse gas emissions, (b) competition with food and local applications of biomass, (c) biodiversity, (d) environment, (e) prosperity, and (f) social well-being. For each theme, a series of principles, criteria, and indicators were developed. The Cramer Commission consulted stakeholders and worked closely with the UK in order to maximize consistency between the two countries (UNCTAD 2008) and to harmonize criteria across regulatory and certification systems (van Dam et al. 2008 ). It adopted a "meta-standard" approach, in which a country defines its own principles and criteria and sets a mandatory reporting requirement against the meta-standard. The Commission benchmarked certifications against the meta-standards to maximize the use of existing standards, and gap reporting was required for principles and criteria failing to meet the benchmarks (Dehue et al. 2008 Movements (IFOAM)) meet the Cramer framework's goals for biodiversity preservation, environmental protection, and concern for social-welfare distribution. However, there exists little or no agreement on quantitative benchmarks for GHG emissions, displacement of food production, local power supply, medicines, building materials, or prosperity (Cramer et al. 2007 GHG saving, and data provision, but with no penalties associated with missing the target. The answer "Don't know" is allowed but will be phased out (RFA 2009a) . Qualifying standards are existing standards that meet most of the RTFO sustainability criteria and are accepted as proof of acceptable sustainability.
The EU in December 2008 adopted its biofuel sustainability criteria within its Renewable Energy Directive (EU-RED) and Fuel Quality Directive (FQD). Voluntary certification schemes, international agreements, and schemes to measure GHG emissions can be accredited by the Commission as giving reliable proof of compliance. The EU intends to "…encourage the development of multilateral and bilateral agreements and voluntary international or national schemes that cover key environmental and social considerations, in order to promote the production of biofuels and bioliquids worldwide in a sustainable manner. In the absence of such agreements or schemes, Member States should require economic operators to report on those issues." (EC 2008) Member States will need to require economic operators to show that the sustainability criteria have been fulfilled and to ensure an "adequate standard of independent auditing." Biofuels and bioliquids produced from waste and residues, other than agricultural, aquaculture, fishery, and forestry residues, need not fulfill the sustainability criteria except GHG emission reductions. The Commission reports to the European Parliament every two years on the issues with respect to the Member States and third countries (i.e. biofuel producing countries) on soil, water, and air, and on social issues such as food prices, food availability, land-use rights, and those covered under the 
US Renewable Fuel Standard (RFS2) and California's Low Carbon Fuel Standard (LCFS)
The US biofuel (RFS2) and bioenergy programs in the Energy Independence and Security Act (EISA) (US EPA 2009a), and to some extent the California LCFS (CARB 2009), are designed to incentivize domestic biomass production and use: the federal RFS2 specifies volumetric requirements for corn ethanol, cellulosic biofuel, and biomass-biodiesel and provides tax credits and subsidies; the LCFS favors low-carbon second-generation biofuel technologies, which are more mature in the US. Therefore, the majority of sustainability concerns in the US focus on domestic environmental impacts including water use, water pollution, local air pollution, environmental justice, biodiversity, and resource use, especially agricultural residues and forestry biomass. EISA sets limits on the qualification of "renewable biomass"
by limiting the type of land conversion and feedstock sources and requires the Environmental Protection Agency (EPA) to report to Congress every three years on the impacts to date or future impacts of meeting the EISA requirement on issues regarding the environment, conservation, and invasive species in the environment and agriculture.
At present, California's LCFS is a GHG policy that does not emphasize sustainability requirements aside from lifecycle GHG emissions (CARB 2009). In contrast to other biofuel programs reviewed here, California's LCFS and the EU's FQD are performance-based GHG policies that are fuel neutral. The performance-based standard incentivizes ultra low-GHG second-generation biofuels from organic waste or other biomass and cellulosic ethanol from energy crops, crop residues, and forest wastes. These fuels are attractive because they tend to use much less land than crops (FAO 2008; Gibbs et al. 2008; OECD 2008; Searchinger 2009 ), compete less with food production, have higher yields and lower intensity of agricultural inputs (less land, fertilizer, irrigation. and pesticides), and cause less soil erosion and loss of biodiversity (Robertson et al. 2008; Tilman, Hill, and Lehman 2006; Tilman et al. 2009 ). -13 -
Chain of custody (CoC) requirement
To validate the delivery of biofuels meeting the sustainability requirements, one of the most critical components is the identification of chain of custody (CoC) that tracks participating fuels from feedstock production to delivery of biofuels. There are four major types of CoC: identity preserved, segregation, mass balance, and book and claim (Cramer et al. 2007; Dehue et al. 2008; Fehrenbach et al. 2008; Winrock International 2009 ). The identity preserved and segregation systems are the strictest, requiring certified feedstock to be completely separated from non-certified product, and the identity preserved system also requires full traceability to individual farms (NEN 2009 ). The segregation system does not require complete segregation of certified material from different sources, but all companies in the supply chain must be fully certified. Both usually appeal to small, niche-market businesses such as Fair Trade
Coffee (Bender 2001) , organic products, and non-GMO products. In the mass-balance system, in which feedstock/biofuel may be mixed with non-certified products, feedstock/biofuel is only partly traceable.
Certifications can not be separated from the feedstock/biofuel and must stay with the finished products along the supply chain. The finished product is often labeled with its average percentage content of certified product over a specific reporting period. With a book-and-claim system, feedstock/biofuel is not traceable to the source. The end users (in this case, the fuel suppliers/importers) submit certificates that guarantee the production of a certain quantity of sustainable biomass, but only the primary producer such as a farmer or forester is certified, whereas the companies in the supply and production chain are not.
Electricity markets and the cap-and-trade program adopt this model, in that the renewable sources, for example, are certified and earn GHG credits. The credits are traded in the market, but the source can not be identified. The mass-balance and book-and-claim systems are easier to implement for large volumes and a wide range of feedstock types and sources, because they do not require certified products to be kept physically separate from non-certified products throughout the entire production chain.
The UK's RTFO accepts all chains of custody, but where no chain of custody exists, mass-balance is preferred (Dehue et al. 2008) . The EU's RED prefers mass-balance, in which Member countries are responsible for requiring economic operators to ensure an "adequate standard of independent auditing."
Voluntary certification schemes, international agreements, and schemes to measure GHG emissions can be accredited by the Commission as giving reliable proof of compliance (EC 2008) .
The US RFS2 uses the renewable identification number (RIN) to track biofuels. The RIN is a 38-digit code that is generated by the producer or importer of renewable fuel. It encodes the number of gallons of renewable fuel produced/imported and assigned to batches of renewable fuel that are transferred to others through change of ownership. The RIN tracks biofuel only at the facility level and has no information Implementing Performance-Based Sustainability Requirements for the Low Carbon Fuel Standard − Key Design Elements and Policy Considerations: Institute of Transportation Studies, University of California, Davis. UCD-ITS-RR-09-05. October 28, 2009.
-14 -regarding feedstock origin, production, or processing characteristics. The system is under consideration to be expanded to include specific facility information such as process information and feedstock origin (US EPA 2009b). EPA is considering to institute a mass-balance system for domestic feedstock, 1 whereas foreign imports of biofuel, however, need to remain segregated from non-RFS fuel until it is imported into the United States (US EPA 2009a).
California's LCFS requires regulated parties to demonstrate the Evidence of Physical Pathway for each of the fuels and blendstocks that are delivered, introduced, or removed (e.g., evidence of sales contract) to meet the LCFS. The Physical Pathway can be the applicable combination of actual fuel delivery methods, such as truck routes, rail lines, gas/liquid pipelines, or electricity transmission lines.
Indirect land use change (ILUC)
Both the federal RFS2 and California's LCFS include GHG emissions from indirect land use change (ILUC) in the fuel pathway lifecycle GHG emission calculations. ILUC represents the overall land use conversion of new or existing agriculture lands in response to increased demand for biofuels. The conversion of land induced by market-mediated effects can be direct or indirect. Indirect land use changes (ILUC) represent the effect of diverting crop land to bioenergy production, leading to extensification and intensification. Extensification is the expansion of cultivated land area. Intensification is the increased input of nitrogen, another greenhouse gas, to increase yields of agriculture. Extensification modifies the quantity of land devoted globally to farms, forests, and marginal lands, and thus to total carbon stocks associated with those lands. The ILUC effects cannot be directly observed or easily measured.
When lands with rich soil and biomass carbon deposits are initially converted to agricultural production, a large amount of carbon is emitted. This initial "carbon debt" can take years or even decades of cultivation to pay back (Delucchi 2004; Fargione et al. 2008; Gibbs et al. 2008) . Recent studies have shown that massive consumption of biofuels could lead to expansion of farm lands throughout the world at the expense of other crop lands and non-crop lands, such as forest and grass lands (FAO 2008; Hertel, Tyner, and Birur 2008; Koh and Wilcove 2008; Laurance 2007; Melillo et al. 2009; Searchinger et al. 2008; ).
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The LCFS, by including ILUC into the GHG lifecycle calculations, encourages the use of low-GHG biofuels from organic waste or other biomass and cellulosic ethanol from energy crops, crop residues, and forest wastes. These biofuels are attractive because they tend to use much less land than do crops (FAO 2008; Gibbs et al. 2008; OECD 2008; Searchinger 2009; Tilman et al. 2009 ), compete less with food production, have higher yields and lower intensity of agricultural inputs (less land, fertilizer, irrigation, and pesticides), and cause less soil erosion and loss of biodiversity (Robertson et al. 2008; Tilman, Hill, and Lehman 2006) .
Multi-stakeholder and Intergovernmental Initiatives
With increasing recognition of the need for stakeholder involvement and achieving maximum consistency among sustainability standards, the G8 + 5 (Brazil, China, India, Mexico, and South Africa) countries launched a Global Bioenergy Partnership (GBEP) in July 2005 to "support wider, cost effective, biomass and biofuels deployment" and established a working group to help bring about a "voluntary international sustainability framework of principles for bioenergy" (Fehrenbach 2008 ). Other international efforts, including the UNCTAD Biofuels Initiatives, the IEA Bioenergy Tasks, the FAO International Bioenergy Platform, the Inter-American Development Bank, and especially the Greenhouse Gas Balances of The Roundtable on Sustainable Biofuels (RSB), established in November 2006, is an international initiative that engages in a multi-stakeholder process aiming to achieve an international consensus on sustainability standards and criteria for biofuel production (RSB 2007) . The RSB adopts the metastandard approach, which benchmarks certifications based on the RSB's principles and criteria and adds information on GHG emissions and indirect effects that are currently lacking for most certifications (especially non-biofuel-specific). The RSB recently delivered its Version 0.5 (RSB 2009b) and is currently working on Version 1.0, implementing pilot testing and benchmarking certifications.
Existing Biofuel Sustainability Work in California
In response to increased interest in utilizing biomass for bioenergy and biofuels in California, the for alternative and renewable fuel projects that it intends to fund. It also proposes a checklist for measuring how well each proposed investment project can meet its sustainability goals and a weighting scheme that gives a combined sustainability score for each project. The weighted sustainability scores will be used to rank projects that seek funding from the CEC for biofuel, hydrogen, electricity, and natural gas technologies, infrastructure, and fuels.
Comparisons of Existing Sustainability Requirements for Fuel Providers
In this section, we discusses several selected principles and sustainability requirements of the UK-RTFO, EU-RED, and US-RFS2. The comparisons of RSB principles and criteria against the requirements of the UK-RTFO, EU-RED, and US-RFS2 are detailed in Appendix A.
Legality
Cross-compliance with existing laws and regulations in the relevant jurisdiction is the foundation of any sustainability criteria and standards. Agricultural activities in the US are guided by the US Department of Agriculture (US DA) and US EPA's regulatory and voluntary programs covering water use and water quality, pesticide use, biodiversity, pollution and spills, conservation and recovery, air quality, etc. (US EPA 2007). The information should be familiar to agricultural producers, federal and state regulators, and third-party information providers who serve agricultural producers.
Planning, monitoring, and continuous improvement
The RSB requires biofuel operators (including feedstock producer, feedstock processor, biofuel producer, and biofuel blender) to perform environmental and social impact assessment (ESIA) that "include a summary analysis of potential impacts on all of the sustainability criteria in the RSB, both positive and negative." The ESIA shall be carried out using independent and qualified professionals and is intended to be a planning, implementation, and continuous improvement principle. ESIA will provide important information regarding the baseline environmental performance prior to the project and will provide more accurate assessment of potential sustainability impacts and risks than using many of the primary or 4. In the absence of the above, regulated parties may define BMP if they can provide evidence, such as industry or third-party data, that their performance is within the best 10-25% 2 of industry practices.
It is important to note that even though BMP can serve a critical function in providing useful tools to support the development of EISA, BMP should not be considered as a "state or indicator of 2 An alternative is 50%. This threshold should be decided by the regulatory body in consultation with stakeholders.
-18 -sustainability," due to the limitations in the lack of baseline, lack of understanding of site-specific drivers, and the lack of monitoring and evaluation (Winrock International 2009).
Greenhouse gas emissions
The UK-RTFO set targets for biofuels of at least 40% GHG savings over fossil fuels in , 45% in 2009 /2010 , and 50% in 2010 /2011 . Starting in April 2010 , the government will reward biofuels under the RTFO, based on the amount of carbon the fuel saves. The government sets default values by fuel production pathways and allows companies to provide opt-in values for emissions lower than the default.
Companies are required to report land use in the monthly report. GHG emission from ILUC will be separately monitored by the government. As of April 2009, one year after the implementation of sustainability reporting, industry-defined defaults or "real" data on input to the fuel chain, for example, information on fertilizer inputs and crop yield of the source feedstock, were provided for 27% of biofuel (RFA 2009b ).
In the US-RFS2, the EPA determines whether a certain feedstock meets the minimum GHG emission reduction requirement as shown in Table 1 . Once the EPA determines that the feedstock/pathway meets the requirements, there is no additional requirement to demonstrate the compliance of GHG targets for each batch of fuel. The assessment of lifecycle GHG emissions is required to include "emissions related to direct and indirect land use changes, attributable to all potential biofuel feedstocks and production processes."
California uses the CA-GREET model to calculate lifecycle GHG emissions for particular feedstock and production pathways. There is no minimum standard for individual fuel, but the fuel mix of each regulated party must meet a schedule of GHG emission reduction that will achieve 10% reduction from the baseline fuels, gasoline and diesel, by 2020. Being a multi-fuel program, it adjusts GHG emissions of other transportation fuels based on efficiencies of the engines, such as electricity fuels for plug-in hybrid -19 -
Conservation
The RFS2 defines "renewable biomass" by specifying the source of feedstock and conditions/activities where the land/feedstock may be used for biofuel production. For example, it restricts crops and crop residues to lands that were cultivated or cleared prior to the December 19, 2007 and are actively managed, fallow, or non-forested (see Table 5 
Comparisons of Sustainability Reporting Requirement for Governments
The UK-RTFO and EU-RED both require governments to monitor, assess, and report social and environmental impacts in their own or other countries where a large amount of feedstock is produced, and any potential indirect effects beyond directly impacted areas. The US EPA is required by Congress to consult with the USDA and the Department of Energy to assess and report to Congress on the environmental (including air, water, soil, biodiversity, and ecosystem health) and social impacts (including job creation, food prices, and rural development) of the biofuel program. These impact assessments, with the exception of the mandate to include GHG emissions from ILUC, are limited to domestic impacts.
As part of the LCFS regulation, CARB evaluated the impacts of the regulation on air quality (including biofuel facilities, transport, and vehicle use), water use, soil, ecology, cultural resources, hazards and hazardous materials, and waste within State boundaries. The requirements of these programs for reporting social and environmental impacts are summarized in Appendix B.
Future Scenarios for California LCFS
Currently, biofuels used in the US for meeting the oxygenated requirement and for biofuel programs are primarily domestically produced. on land conversion and commodity prices are generally expected to be more moderate than those of corn ethanol (OECD 2008; Searchinger et al. 2008) , the actual impacts of second-generation biofuels will depend largely on the allocation of feedstock between agricultural residues and dedicated energy crops, the types of land used for energy crops (e.g., agricultural land vs. lands currently not for food production), and the yield of energy crops. For example, using largely non-agricultural land to expand dedicated energy crops would have less price impact than using first-generation biofuels such as corn ethanol, but at the cost of potential "negative environmental impacts on sensitive areas and high-carbon soils, including GHG emissions, water use and biodiversity losses" (OECD 2008) . Therefore, policies to prevent worsethan-baseline GHG emissions and environmental degradation will be necessary.
The projected scenarios to meet the RFS2 and the LCFS targets suggest that more of the sustainability concern for biofuels and other alternative fuels will be on domestic environmental impacts and marketmediated effects of ILUC, food vs. fuel issues, and biodiversity loss than on social issues such as land rights and workers' rights. But this may change if more biofuel imports start to enter California's market. -21 -
A Proposed Expanded Sustainability Scheme for California
Through its GHG policy, California intends its LCFS to incentivize ultra-low GHG biofuels that pose minimal local and regional environmental impacts, minimal competition for food, and minimal stress on indirect land use conversion of agricultural and new forest lands. With the exception of GHG emissions and the discussion on direct and indirect land use change, the current sustainability requirements in the US RFS2 and the California LCFS primarily concern environmental and social impacts in the US and within California. But CARB acknowledged broader sustainability issues and is scheduled to propose a strategic plan by December 2010 for public comments and December 2011 for adoption by the Board. This chapter discusses the potential requirements for implementing expanded sustainability criteria for California's LCFS program.
Essential Elements for the Overall Framework
Developing a functional sustainability scheme requires the development of standards, standard accreditation requirements, and verification procedures (Figure 1) . The "standard setting component"
includes developing a set of principles and criteria that define sustainability goals, and specifying how fuels meeting these sustainability goals will be tracked and reported (i.e., through CoC rules). If the scheme accepts outside "standards" and "certification schemes" 4 as a proof of compliance, then a benchmarking system must be in place to systematically qualify certifications against its own principles and criteria (Figure 1 , left box).
3 The Sustainability Directives from the LCFS Board Resolution states, "BE IT FURTHER RESOLVED that the Board directs the Executive Officer to work with the Interagency Forest Work Group (IFWG), the California Natural Resources Agency, the California Energy Commission, the California Department of Forestry and Fire Protection, the United States Forest Service, the U.S. EPA, environmental advocates, regulated parties, and other stakeholders to further develop definitions and safeguards for the use of 'biomass' and 'renewable biomass,' and propose amendments to the LCFS regulation, if appropriate, by December 2009. As part of this effort, the Board further directs the Executive Officer to consider the specific effects of incentivizing the use of forest biomass from public and private lands; the greenhouse gas emissions from different fuel pathways on public and private lands; and the additional protections, if any, necessary to ensure the sustainable and environmentally beneficial use of such forest biomass, with the goal of certifying pathways for the use of forest biomass.
"BE IT FURTHER RESOLVED that the Board directs the Executive Officer to work with IFWG, appropriate state agencies, environmental advocates, regulated parties, and other interested stakeholders to present a workplan to the Board by December 2009 for developing sustainability provisions to be used in implementing the LCFS regulation. The workplan should include, but not be limited to, a science-based definition of sustainability; how the sustainability provisions can incentivize sustainable fuels; what provisions will be reviewed for inclusion in the LCFS regulation; the framework for how sustainability provisions could be incorporated and enforced in the LCFS program; and a schedule for finalizing sustainability provisions by no later than December 2011, unless the Executive Officer determines that such actions are not feasible and not appropriate."
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The scheme also needs to establish rules for the requirement for an approved certification organization based on systems, records, or processes and on accredited auditors (Figure 1 , middle box).
The verification system sets rules for compliance, the control of claims (credits), and a database that provides all the necessary information regarding fuels, certification, and compliance. Rules must also be established for a grievance mechanism. 
Key Design Elements for the Sustainability Criteria
This section discusses key design elements accompanying the expanded sustainability requirement.
Principles, criteria, and fuel types covered
The RSB has emerged as a global consensus on a sustainability standard for biofuels. Among such standards, it has the most transparent process and the most complete multi-stakeholder participation from the supply chain, the experts, governments, and inter-governmental agencies. It has held at least 10 regional consultation workshops, which were attended by more than a thousand stakeholders providing feedback on its principles and criteria. It recently joined the ISEAL Alliance Code of Good Practice for Standard Setting to fulfill the accreditation requirement and become an accreditation body. Governments participating in the RSB process included the UK, the EU, and California. There is a shared recognition that internationally consistent standards will reduce unnecessary confusion and market segregation, minimize leakage and shuffling of fuels, and improve system efficiencies. These advantages are essential for the successful implementation of the sustainability requirement
The discussion on principles, criteria, and applicability to California LCFS is summarized in Table 2 below. The requirements can potentially be applicable to all transportation fuels participating in the LCFS program or only to fuels earning LCFS credits (thus excluding baseline fuels). In the short term, however, Implementing Performance-Based Sustainability Requirements for the Low Carbon Fuel Standard − Key Design Elements and Policy Considerations: Institute of Transportation Studies, University of California, Davis. UCD-ITS-RR-09-05. October 28, 2009.
-23 -in order to address acute concerns for new fuels, reduce administrative burden, and recognize existing regulations on baseline fuels, it may be more appropriate to apply the requirements to non-baseline LCFSparticipating fuels. The final decision of whether to adopt, modify, or reject these principles and criteria should be based on the consensus of the CARB and stakeholders. The LCFS Annual Compliance Report is designed to accept reports of aggregated data from quarterly reports and overall yearly credits (the credit balance and credit trade's being tracked separately in the Credit Tracking System, CTS) (CARB 2009 ). An expanded sustainability annual progress report can include aggregation of quarterly sustainability performance and qualitative information that aims to reflect the past year's progress and planned activities to monitor, implement, and improve sustainability performance ( Table 2 , Column 3).
CARB has committed to periodic reviews (2-5 years) of LCFS GHG compliance progress, to evaluating the need to adjust program design and default values, and to addressing other concerns. Evaluations of sustainability progress, review of key areas of concern, plans for continuous improvements in sustainability plans, and future recommendations on a wide range of environmental and social sustainability concerns that may be directly or indirectly related to LCFS policy are recommended (Table   2 , Column 4). Special reports can be commissioned to examine particular concerns identified in the periodic review or by stakeholders.
Supply chain and chain of custody (CoC)
The supply chain for biofuel feedstock, especially for food and feed crops such as corn, soybean, and sugarcane, can be complex. A complete segregation CoC will be difficult to implement for feedstocks such as sugarcane and oil palm. Once harvested, these feedstocks are collected from nearby plantations, sent to local mills, and processed within 24 hours. In the case of sugarcane, sugarcane ethanol is sent via pipeline, shipped to Caribbean countries for dehydration, and shipped again to US ports, at which point denaturant (typically gasoline) is added and an RIN number is generated.
Products such as soybean are often being combined from many farms, stored, delivered to crushers, and then sold on the markets. Generating profit relies on capturing economies of scale in production, storage, and processing. A parallel, small-scale, identity-preserved supply chain exists for the organic markets and non-GMO products, where firms contract variety-specific products with farmers, specifying particular production and management requirements in contracts (Bender 2001) . This system can be profitable when the added value (e.g. higher profit margins of organic products) is greater than the additional costs of production, handling, and segregation compared to the conventional commodity supply chain (Bender 2001; Lentz and Akridge 1997) .
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The supply chains for dedicated energy feedstocks (e.g., switchgrass) may be simpler in that they seem to have few important uses outside the biofuels complex. Some of the cellulosic feedstocks can be easily stored for days and processed in a large batch. Thus, implementing a strict CoC (i.e., identity-preserved or segregation) may entail minimal additional cost over the other CoC methods.
In the GreenPalm program, which is a book-and-claim system, a producer declares the number of GreenPalm certificates it wants to sell. When the trades are confirmed, the end user makes a sustainable palm oil claim and the certificates are retired from the producer's record. Therefore, a physical pathway does not exist. Similarly for electricity fuel, a load serving entity (LSE) will demonstrate the renewable content of the electricity it provides, through the Western Renewable Energy Generation Information System (WREGIS), an electronic book-and-claim system. A WREGIS certificate is issued for each MWh of renewable energy generated by a participating generator. The WREGIS certificate will be transferred between accounts of the buyer and seller, and the certificates will be retired from the system. Under such systems, sustainable production of fuels is certified and delivered to the grid. Certification through WREGIS could in theory allow an LSE to use Method 2A to get an opt-in carbon intensity value lower than the default value.
If California adopts a sustainability reporting requirement beyond the RFS2 requirement, such as those proposed in Table 2 , it can build on the existing supply chain requirement for RFS2 and a mass-balance system would be possible.
The EU suggests that mass-balance will "provide an appropriate balance between supply and demand and ensuring a price premium that is greater than in systems where there is no such link" (EC 2008) . The Dutch framework, however, is based on the belief that book-and-claim is more likely to create incentives for primary producers and that the market is likely to respond favorably to certified producers, whereas mass-balance is more likely to favor suppliers/companies that are vertically integrated (Cramer et al. 2007 ). Many certifications develop rules for multiple CoCs (Table 3) .
The difference between mass-balance and book-and-claim begs the questions of whether a physical link is necessary and the objectives of chain-of-custody. The two systems serve different purposes: book-andclaim guarantees the production, whereas mass-balance guarantees the consumption of sustainable feedstock (Dehue et al. 2008) . Stricter CoC systems (such as mass-balance and segregation) are regarded as less prone to error and favored by regulators because they provide direct incentives for fuel providers to ensure that the fuels they purchased and delivered meet sustainability requirements.
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Benchmarking standards
If an LCFS sustainability provision has been developed and existing standards and certifications are allowed to be used as a proof of compliance, applicable standards and certifications will need to be "benchmarked" against the LCFS sustainability provision. Benchmarking sustainability standards and certification schemes assesses two aspects (RFA 2009a):
• The criteria and indicators of the sustainability standard;
• The audit quality of the sustainability standard.
The UK-RTFO went through extensive benchmarking. At present, only two standards meet the full RTFO environmental meta-standard (Assured Combinable Crops Scheme (ACCS) and Genesis Quality Assurance (Genesis QA)), but no standards meet the full RTFO meta-standard. Network/Rainforest Alliance (SAN/RA)), and two meet only the environmental qualifying standard (Forest Stewardship Council (FSC) and Linking Environment and Farming (LEAF)). These qualifying standards cover a wide range of categories, including standards and certification schemes that cover bioenergy, biomass, biofuels, and non-biofuel-specific products/process. A list of certifications potentially applicable to California is summarized in Table 3 . The quality of certification also needs to be benchmarked. The UK RTFO developed "a norm for audit quality" based on seven criteria for adherence to ISO standards, including the requirements for certifying body, audit competency, and quality and accreditation process (RFA 2009a) . The recent GBEP working group identified the continual assurance of conformable certification results as the central challenge in adopting the meta-standard (Fehrenbach 2008 ). There is a potential for proliferation of certification protocols as well as misuse of such systems due to variations in quality control. Some certifications have a long history of success and enjoy the trust of the majority of the public, although at times these also receive severe criticism from NGOs. Other protocols are perceived to have non-uniform standards and uneven quality, e.g., forest certifications other than FSC. It will be much harder to judge the quality of certification protocols that are new or that certify products that may be perceived as fundamentally problematic, such as agricultural products based on food crops or near tropical forests (Fehrenbach 2008) .
Developing an LCFS sustainability requirement based on the RSB framework or accepting RSB as a qualifying standard would mean that biofuels with an RSB certificate would be automatically certified as meeting the LCFS sustainability requirement, thus reducing the need to benchmark RSB-certified sustainability standards.
Verification
The current LCFS requires that "all data and calculations submitted by a regulated party for demonstrating compliance or claiming credit are subject to verification by the Executive Officer or a third party approved by the Executive Officer" (CARB 2009). Sustainability reporting as depicted in Table 2 would require CARB to review an increasing amount and complexity of information that also needs to be verified. Both the UK-RTFO and EU-RED require fuel providers / economic operators to arrange for an adequate standard of independent auditing of the information submitted and to provide evidence for this Implementing Performance-Based Sustainability Requirements for the Low Carbon Fuel Standard − Key Design Elements and Policy Considerations: Institute of Transportation Studies, University of California, Davis. UCD-ITS-RR-09-05. October 28, 2009.
-28 - (EC 2008; RFA 2009a RFA , 2009c . The auditor will verify the accuracy and truthfulness based on the quarterly and annual reports as well as on information provided by the supply chains (which should provide traceability of proofs of compliance/certification). The qualification of verifiers will also need to be defined based on criteria such as independence and credentials. (See Section 3.1.)
A transition phase may be needed to build the system capacity for implementation, including building the CoC system, conducting benchmarking of certification, and developing requirements for verifiers. The experience of the UK has proved that a transitional model that starts with piloting followed by voluntary reporting and mandatory certification helps ease the transition and provides useful lessons. The RTFO experience proves that the capacity-building efforts for a complete mass-balance system will be substantial, and such a system has not yet been fully established despite two years of planning and a year and a half of implementation. To date in the UK, biofuels reported by fuel providers as meeting the environmental and social qualifying standards are 24% and 21% of the total, respectively. These reported data are in the process of been verified and audited (RFA 2009b).
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Remaining Issues and Policy Challenges
This section addresses many of the improvements needed and policy challenges associated with the implementation of sustainability requirements. The modeling of GHG emissions associated with ILUC and appropriate policy design are not discussed here, because in California they are considered part of GHG regulation and independent of the sustainability provision in California (CARB 2009). We address key remaining design issues including the definition of wastes, residues, and marginal lands as well as policy design challenges in accommodating our evolving understanding of the science of lifecycle analysis, costs of implementation, incentive mechanisms, and potential violation of WTO rules.
Remaining Design Issues

Definition of wastes and residues
With the intense discussion on the impacts of biofuel policy on ILUC, several recently revised biofuel programs have adopted sustainability measures or carbon accounting schemes designed to encourage the use of biofuels made from feedstocks cultivated on abandoned or marginal lands or from wastes (including biodegradable fraction of industrial and municipal wastes) and residues, including plant and animal substances (CARB 2009; Dehue et al. 2008; EC 2008; RSB 2008; US EPA 2009a) . The implicit assumption is that biofuels produced from wastes and residues and marginal lands will have significant environmental advantages, higher GHG savings, and little competition with agricultural land and food sources ). The definitions of wastes, residues, and byproducts from different sources are summarized in Table 4 below. Table 4 . Definition of wastes, residues and by-products.
Program Definition UK-RTFO By-product: a feedstock that represents less than 10% of the farm or factory gate value (RFA 2009a).
The biofuel producer purchasing these by-products will have little influence on the sustainability of the production process for the original product. For example, a biofuel producer buying tallow will have little or no influence on the standards applied to rearing the cattle.
For the purpose of the Guidance, the following products are considered by-products: tallow, used cooking oil, municipal solid waste, animal manure, molasses, cheese by-products, corn oil. EU-RED Wastes and agricultural crop residues include straw, bagasse, husks, cobs, and nut shells.
Residues from processing include crude glycerine (i.e., glycerine that is not refined).
"Biomass" means the biodegradable fraction of products, waste, and residues from biological origin from agriculture (including vegetal and animal substances), forestry, and related industries including fisheries and aquaculture, as well as the biodegradable fraction of industrial and municipal waste. Intergovernmental Residues and wastes: any liquid, solid or gaseous material produced during feedstock By-products: any liquid, solid, or gaseous material produced during feedstock processing or biofuel production, with a lower economic value than the main product. RSB Agricultural residues, wastes, or byproducts: those generated through feedstock production.
Processing residues, wastes or by-products: those generated through feedstock processing, biofuel production, and biofuel blending.
The use of waste streams as feedstock implies net environmental benefit, but lifecycle impacts and crossmedia impacts must be accounted for. Shifting from disposal to use may inevitably introduce changes in the type of environmental impact, such as increasing certain air emissions and pollutant exposures while reducing land-or water-quality impacts. Increasing the use of by-products may also increase the economic value of the "waste" products for other uses and result in net GHG emission increase if substitutes are derived from more carbon-intensive products or production pathways. The RFA concluded in a study on tallow that "the Renewable Transport Fuel Obligation could create an incentive to divert tallow away from its existing uses to biodiesel production...this diversion could result in a net increase in GHG emissions due to more carbon-intensive feedstocks replacing tallow in its existing uses -as a result biodiesel produced from tallow would achieve no GHG saving" (Dale, Howes, and Watson 2008) .
Similarly, agricultural residues, such as wheat straw, corn stover, and slash and pre-commercial thinning from forestland, prevent soil erosion, maintain soil organic carbon and nitrogen content, and provide animal habitats (CBC 2006) . The removal of these waste products may become unsustainable if careful management and sustainability practices are not implemented, resulting in soil, water, and air pollution (CBC 2006; Marshall and Sugg 2008b, 2008a) ; soil carbon and nutrient loss; and habitat loss for endangered species. More careful definition of wastes and sustainability reporting requirement is needed to incentivize the use of wastes (by reducing reporting requirements) while providing adequate safeguards for avoiding unintended consequences.
Definition of marginal and degraded lands
The distinction among marginal, abandoned, and degraded land also needs to be carefully defined in the LCFS sustainability criteria. In the LCFS, fuels produced from feedstocks grown on "marginal lands"
were assumed to have 75% less carbon than a typical grass land and to have a small ILUC compared to corn ethanol, soybean, or Brazilian sugarcane (CARB 2009 -31 -or heavily contaminated land (EC 2008) . Definitions for marginal, degraded, and abandoned land are summarized in Table 5 . Severely degraded land: land that, for a significant period of time, has either been significantly salinated or presented significantly low organic matter content and been severely eroded.
Heavily contaminated land: land that is unfit for the cultivation of food and feed due to soil contamination. IPCC Severely degraded land: land that will not revert to its former state through good agricultural, rangeland management, or forestry practice alone. Practices include restoration of severely eroded land and land polluted with heavy metals or mine spoils, as well as reclamation of deserts, saline soils, and alkaline soils. US-RFS2 RFS2 does not define marginal/degraded/abandoned land. However, to meet the definition of "renewable biomass," planted crops and crop residue must come from "agricultural land" cleared or cultivated at any time prior to December 19, 2007 , that is either actively managed or fallow, and nonforested. The definition of "agricultural land" is proposed to include cropland, pastureland, Conservation Reserve Program (CRP) land, and possibly rangeland. Pastureland: land managed primarily for the production of indigenous or introduced forage plants for livestock grazing or hay production, and to prevent succession to other plant types. Under this proposed definition, land would qualify as pastureland if it is maintained for grazing or hay production and not allowed to develop greater ecological diversity.
Range land: land on which the indigenous or introduced vegetation is predominantly grasses, grass-like plants, forbs, or shrubs and which -unlike cropland or pastureland -is predominantly managed as a natural ecosystem, to allow, for example, existing switchgrass or native grasses on rangeland to be used for renewable fuel production that qualifies for RIN generation under this program.
Fallow: agricultural land that is intentionally left idle to regenerate for future agricultural purposes, with no seeding or planting, harvesting, mowing, or treatment during the fallow period. 
Remaining Policy Challenges
Continuous improvement in lifecycle assessment research and the interaction with policy design
Lifecycle analysis methodology will continue to extend our scientific understanding of the impacts of future transportation fuels. Little is known about the lifecycle environmental effects of new alternative fuels, such as on air pollution, water use, water pollution (Costello et al. 2009; Dodds et al. 2009; Donner and Kucharik 2008; Fingerman et al. 2008) , biodiversity, and invasive species. The methodologies of conducting these types of analyses are in its infancy stage. Much is yet to be defined regarding the selection of physical, temporal and spatial system boundaries, methods of co-product allocation, and the integration of different impacts. The sustainability framework should adopt a lifecycle approach and apply to all fuels, feedstocks, and production and conversion technologies, a supply-chain approach reflected in the RSB framework and elsewhere (NRC 2009). Despite continued improvement in understanding science and reducing modeling uncertainties, stakeholders should be engaged to discuss ways to create a robust policy framework that will reflect evolving scientific understanding and provide a stable compliance environment. Far more work will be needed to test the scientific robustness of new studies, the general applicability of study results across time and space, and the legal framework of taking lifecycle environmental impacts into account. -33 -
Cost of implementing a sustainability standard
The cost of meeting a sustainability standard includes compliance and verification. The cost of establishing a sustainability claim depends on the type of biomass or feedstock, the strictness of sustainability criteria, the country of study, the reference situation, the price of the final product, and many other factors (van Dam et al. 2008) . The cost of certification and traceability also depends on the scale of production, the strictness of sustainability criteria, the complexity of the supply chain and the risk factors involved (e.g., the integrity of the managements such as internal control and quality control within the system, histories of complaints, and risk of corruption) (RSB 2009c) . A company with a complex supply chain or lax internal control will require more rigor of audit and thus incur higher cost. As mentioned earlier, the supply chains for dedicated energy feedstocks (e.g., switchgrass) may be simpler in that they seem to have few important uses outside the biofuels complex. Thus the additional cost of implementing strictest CoC to ensure traceability may be less than for other types of feedstocks.
In its Regulatory Impact Assessment, the UK estimated that the annual cost of gathering carbon and sustainability information along the biofuel supply chain and the preparation and auditing of annual carbon and sustainability reports is £43.3K ($71.0K US dollars) for each supplier, consisting of monthly collection and submission of carbon and sustainability (C&S) data (24%), work with suppliers to improve the quality and collection of data (31%), and validation of the annual C&S report by external consultants (45%) (RFA 2009d).
Incentives for performance-based approach
California's LCFS provides strong incentives for GHG performance. The lower the average GHG intensity of the fuels, the smaller quantity of alternative fuels would be needed to meet the GHG reduction target. Thus, use of lower-carbon fuels will generate more LCFS credits than the same volume of fuel with higher carbon intensity. Similarly, low-GHG fuels incurring higher relative costs of production may still remain more competitive in the LCFS credit system.
For the other sustainability criteria, the "basic" and "progress" requirements proposed by the RSB also embrace the concept of a performance standard. However, the crucial element for ensuring the success of the concept is to provide adequate incentives to encourage innovation and reward certifiably superior performance beyond minimum requirements. Voluntary incentives could come from public pressure and regulated parties' desire to improve public image (e.g., corporate social responsibility). However, biofuels deemed more sustainable may or may not command a premium in the market place. Studies suggest that even though consumers favor "green" products and labeling, they are unwilling to pay more or they find Implementing Performance-Based Sustainability Requirements for the Low Carbon Fuel Standard − Key Design Elements and Policy Considerations: Institute of Transportation Studies, University of California, Davis. UCD-ITS-RR-09-05. October 28, 2009.
-34 -the information on green products confusing, lacking transparency, and difficult to verify (HGCA 2008; LowCVP 2008 ).
More structured regulatory incentives can be achieved by providing credits or tax breaks (e.g., reductions in state gasoline tax) for improvements in environmental quality or conservation. For example, the federal Environmental Quality Incentives Program (EQIP) provides technical assistance, cost-share payments, and incentive payments to crop, livestock, forestry, and other agricultural producers adopting practices that reduce environmental and resource problems with regard to soil quality, soil erosion, water quality, water shortage, and air quality and that protect wildlife and animal and plant species of concern.
Applicants must develop conservation plans, which are evaluated by how well they meet national, state, and local environmental objectives as well as by their cost-efficiency. Total EQIP payments to producers reached $735 million in 2008.
World Trade Organization (WTO)
Some, if not many, of the proposed sustainability standards are believed to possibly violate WTO rules (van Dam et al. 2008) . The WTO requires that regulations and standards should neither create unnecessary barriers nor discriminate against products with the same physical appearance (properties) but with different production process and production methods (PPM). The GATT 7 "Dolphin-Tuna" case 8 in 1991 set the precedent that labeling on the basis of unrelated PPM 9 is allowed as long as the labeling is should not discriminate like products of national origin and not restrict trade; efforts should be made to ensure international harmonization and public consultation; standards should not create unnecessary 7 GATT (General Agreement on Tariffs and Trade) is the predecessor of WTO, which was established in 1995. 8 The settlement panel report, though never adopted, is one of the few Panel reports on PPM-labeling to guide further interpretation. 9 Unrelated PPM refers to PPM not related to product characteristics. Examples of unrelated PPM are the quality or safety of a product (FAO 2003) .
-35 -obstacles to the expansion and diversification of exports from developing countries; and efforts should be made to allow developing countries to comment on the standards (FAO 2003) . The RSB process has mostly followed and complied with the WTO guidelines.
However, requiring all participating fuels to meet the sustainability criteria can be considered traderestrictive, as it would grant advantage to labeled products and restrict the trade of non-labeled products.
Voluntary standards can become de facto mandatory if a standard has the effect of market segregation or can affect consumers' perception (FAO 2003) or the competitiveness of a product. Exceptions to the "no discrimination against like product" rule are, however, allowed for Members to adopt or enforce Studies examining the WTO issue (Cramer et al. 2007; van Dam et al. 2008 ) generally concluded the following:
• Some of the sustainability principles and criteria may violate this WTO PPM rule.
• A reporting obligation for companies to deliver information on the sustainability of their biomass is considered feasible under WTO/EU law. Therefore, the proposed sustainability framework that requires reporting is unlikely to violate WTO rules.
• Minimum demands for biodiversity and environment may have a medium-high risk of violating WTO rules.
• Minimum demands on economic prosperity and well-being will be in violation of the WTO, except for extreme human rights violations (e.g., slavery).
As the UK-RTFO and EU-RED have adopted more stringent certification requirements for meeting social and environmental sustainability criteria for biofuels, they have received strong support for these schemes from major feedstock producers via the developments of certifications such as the RSPO for palm oil and the RTRS for soybeans. The RSB process has mostly complied with WTO's guidance for Code of Good -36 -
Concluding Remarks
This paper compares major efforts in social and environmental sustainability requirements for biofuels and attempts to outline a feasible pathway for California's LCFS sustainability provision. With the increasing recognition of the need to adopt sustainability safeguards for new transportation fuels that have potentially large environmental consequences, stakeholders should collaborate to establish a performancebased sustainability scheme that sets reasonable expectations and clear measures of compliance. The scheme should encourage innovation and reward practices exceeding a minimum standard, but proper incentive mechanisms will be needed. A sustainability scheme can only be effective if the proposed framework is robust but not excessively complicated, and the criteria are measureable and verifiable. It also needs to acknowledge the limitations of resources, politics, and California's legal jurisdiction and be consistent with international efforts in sustainability criteria. Government assistance in facilitating information sharing, certification, and capacity will be crucial for the development of the sustainability criteria.
